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a b s t r a c t
We present recent results on the magnetic field dependence of current–voltage characteristics (CVC)
for an artificially prepared two-dimensional array of unshunted Nb–AlOx–Nb Josephson junctions. The
results obtained from the measured CVC and critical current IC (T ,H) differential magnetoresistance
(DMR) R(T ,H) = [dV/dI]I=IC (T ,H) of the array are found to exhibit behavior compatiblewith field induced
Kosterlitz–Thouless transition describing unbinding of vortex–antivortex pairs under applied magnetic
field.
© 2011 Elsevier Ltd. All rights reserved.
1. Introduction
Among many different properties which can be studied using
highly ordered two-dimensional (2D) arrays of Josephson junc-
tions (JJAs) probably one of the most interesting (and impor-
tant for their potential applications) is their magnetotransport
behavior, reflecting the evolution of numerous dissipation mech-
anisms in the arrays under an applied magnetic field [1–3]. One
of such mechanisms, known as the Kosterlitz–Thouless (KT) topo-
logical transition, is related to creation (destruction) of bound vor-
tex–antivortex pairs below (above) some temperature TKT [4,5]. In
zero magnetic field, this transition is expected to manifest itself in
2D systems (including thin films and Josephson arrays) via non-
linear current–voltage characteristics (CVC) of the form V ∝ Ia(T )
with power exponent markedly jumping from a = 1 at T = TC
to a = 3 at T = TKT . However, the observation of a rather
delicate KT transition in real materials is quite a formidable task
because it requires the fulfillment of some strict experimental con-
ditions. Besides, it can be easily masked by other competingmech-
anisms, such as finite size effects, extrinsic and intrinsic weak
links, thermal fluctuations, quasi-particle contributions, etc. On
the other hand, KT type transition can be also forced through ap-
plication of strong enough magnetic field [6–8]. In this case, the
field induced unbinding of vortex–antivortex pairs takes place near
some critical field Hu (related to the upper Abrikosov field Hc2).
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As is well known [1–3], field-induced transport peculiarities in
JJAs better manifest themselves via differential magnetoresistance
(DMR) R(T ,H) = [dV/dI]I=IC (T ,H) obtained from the measured
CVC curves and critical current IC (T ,H) of the array.
In this paper we report our recent results on the influence
of magnetic field on the ordered SIS type array of unshunted
Nb–AlOx–Nb junctions through measurements of their CVC and
analysis of the resulting DMR behavior. The obtained experimental
results and their theoretical interpretation suggest a possible
manifestation of field induced KT transition in our array seen as
a noticeable divergence in the field behavior of the inverse DMR at
H = Hu(T ) = 375 Oe for T = 1.7 K.
2. Experimental results
A high quality ordered SIS type unshunted array of overdamped
Nb–AlOx–Nb junctions has been prepared by using a standard
photolithography and sputtering technique [1,9–12]. It is formed
by loops of niobium islands linked through 100 × 150 tunnel
junctions. The unit cell of the array has square geometry with
lattice spacing a ≃ 46 µm and a single junction area of 5 ×
5 µm2. The critical current for the junctions forming the arrays is
ICj(T ) = 150 µA at T = 1.7 K. Given the values of the junction
quasi-particle resistance Rj = 10  and capacitance Cj = 1.2 fF,
the circuit frequency and dissipation sensitive Stewart–McCumber
parameter are estimated to be ωRC = 1/CjRj ≃ 1014 Hz and
βC (T ) = 2πCjR
2
j ICj(T )
Φ0
≃ 0.05 at T = 1.7 K, respectively.
The measurements were made using a homemade experimental
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Fig. 1. (Color online) CVC of the array for different temperatures in zero magnetic
field.
technique with a high-precision nanovoltmeter [13–16]. A DC
magnetic field H (up to 0.7 kOe) was normally applied to the plane
of the array.
Fig. 1 shows the measured CVC for different temperatures
in zero magnetic field. Some typical results for CVC under the
influence of the applied magnetic fields (taken at T = 1.7 K) are
shown in Fig. 2. The resulting DMR R(T ,H) = [dV/dI]I=IC (T ,H),
obtained from field dependent CVC and the measured critical
current IC (T ,H) of the array shown in Fig. 3 for T = 1.7 K, is
depicted in Fig. 4 alongwith the best fits according to the following
empirical expressions: RN/R+(T ,H) = γ+ exp(β+/√h− hu) and
RN/R−(T ,H) = γ− exp(β−/√hu − h), above and below the
unbinding magnetic field Hu = 0.47H0 = 375 Oe with γ+ = 1.45,
γ− = 1.93, β+ = 1.5, and β− = 0.7. Here, RN = 25  is the
normal resistance of the array, h ≡ H/H0 and hu ≡ Hu/H0 with
H0 = 0.8 kOe being a characteristic magnetic field.
3. Discussion
Let us demonstrate that such a diverging behavior of the
inverse DMR is compatible with the field induced KT transition
in our sample. Recall that according to the Halperin–Nelson
scenario [5], by analogy with the transition temperature TKT ,
there is a characteristic transition field Hu(T ) which separates
ordered phase (with bound pairs) from the disordered phase (with
unbound pairs). As the applied field H approaches Hu(T ) from
below (at fixed temperature), the average separation between
vortices within a pair diverges (ξ−(T ,H) → ∞) and free vortices
begin to appear at Hu(T ). In the disordered KT phase (when Hu <
H < Hc2), the motion of free vortices gives rise to a flux-flow
magnetoresistivity [6–8], R+(T ,H) = 2πξ 2(T )n+(T ,H)RN where
ξ(T ) is the Ginzburg–Landau coherence length (which defines the
upper critical field Hc2(T ) = Φ0/2πξ 2(T )), and n+(T ,H) =
1/ξ 2+(T ,H) is the density of field induced vorticeswith ξ+(T ,H) =
ξ(T )
√
γ+ exp(β+/2
√
h− hu) being the appropriate coherence
length in the disordered phase. By symmetry, we assume
that in the low-field ordered KT phase (when H < Hu),
R−(T ,H) = 2πξ 2(T )n−(T ,H)RN where n−(T ,H) = 1/ξ 2−(T ,H)
with ξ−(T ,H) = ξ(T )√γ− exp(β−/2√hu − h). The best fits of
all data (shown in Fig. 4) justifies this assumption. Finally, it is
Fig. 2. (Color online) CVC of the array for different magnetic fields at T = 1.7 K.
Fig. 3. (Color online) Field dependence of the normalized critical current of the
array at T = 1.7 K.
interesting to point out that the unbinding field Hu(T ) can be
linked to the upper Abrikosov field Hc2(T ) by defining the former
as follows, Hu(T ) = Φ0/2πξ 2−(T , 0) = α(T )Hc2(T ) with α(T ) ≡
exp(−β−/√hu(T ))/γ−. Using [17] ξ(T ) = 40 nm for Nb at T =
1.7 K, we obtain Hc2(T ) ≃ 0.2T and Hu(T ) ≃ 380 Oe for the
estimates of these two critical fields. As we see, the latter is in
excellent agreement with its experimental value, Hu = 375 Oe,
deduced from our data.
In summary, by measuring current–voltage characteristics of
highly ordered two-dimensional unshunted array of overdamped
Nb–AlOx–Nb Josephson junctions in applied magnetic field and
by analyzing the resulting differential magnetoresistance, we
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Fig. 4. (Color online) Field dependence of the inverse differential magnetoresis-
tance RN/R(T ,H) obtained from the measured CVC (shown in Fig. 2) and critical
current (shown in Fig. 3) of the array at T = 1.7 K, along with the best fits (solid
lines).
attributed the observed behavior to manifestation of field induced
Kosterlitz–Thouless transition in our array.
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